The experiment was conducted during 2010 main cropping season. Four sites of six-row barley growing areas of northern Ethiopia were included in the experiment. Its objective was to estimate the magnitude of genotype x environment interactions and their adaptability in the area. Eight nationally released food barley varieties together with four farmers' varieties were planted in a randomized complete block design with three replications. According to Eberhart and Rusell's regression stability analysis, Agegnhu and Shedho were stable genotypes, on the other hand, in Wricke's ecovalence (wi) stability analysis, genotypes Basso and Trit were more stable in grain yield as their contributions to the GEI sum of squares were the least.
Introduction
Barley (Hordeum vulgare L.) is an important crop often grown in areas with low rainfall where other crops such as wheat fail to grow (Whabi and Gregory, 1989) .
Barley is believed to have been cultivated in Ethiopia as early as 3,000BC (Hailu and Leur, 1996) .The total area covered by barley is about 0.98 million hectares with total production of 1.52 million tons and the yield of the crop is low with national average of 1.55 tha -1 (CSA, 2009) .
In Tigray region, the total area covered by barley is about 0.097 million hectares with total production of 0.148 million tons and the yield of the crop is low with regional average of 1.52 tha -1 (CSA, 2009 ). Abay and Bjornstad (2008) indicated that there is a high degree of genotype x environment interaction (GEI) in northern Ethiopia farmers' field. This affects yield estimation because it isassociated with a change in ranks of genotypes in addition to average performance. So the identification of superior and adaptable genotype is difficult. It is known that Tigray is one of the major barley growingareas in Ethiopia, but the evaluation of GEI of six-row barley released varieties is very limited. This study was undertaken to estimate the degree of genotype × environment interaction for grain yield and yield related traits, and to evaluate the adaptability of barley varieties in the area.
Material and Methods

Description of locations
At four locations which represent different agro-ecological sites of the major six-row barley growing areas of northern Ethiopia (Tigray Region) namely: Muglat, Korem, Alage and Maychew, an experiment was conducted during 2010 main season. Lists of the testing locations which were used in the experiment with their climatic conditions, soil type and global position are presented inTable 1. 
Experimental materials
Eight nationally released food barley varieties together with four farmers' varieties were included in the trial ( Table 2 ). The varieties were selected based on the year of release, their average performance in yield and agro-ecological adaptation.
Experimental Design
A randomized complete block design (RCBD) with three replications was used at all locations. Each experimental plot had six rows, 2.5 m long, spaced 20cm apart with a plot area of 3 m 2 (1.2m x 2.5m), 1.5 m distances between replications and 0.4 m between plots. The fertilizer rate was 41/46 kg ha -1 of N/P 2 O 5 , respectively as recommended for the area in the form of Urea and DAP. All P 2 O 5 and one-third of N were applied during planting while the second and the third splits of N were applied at tillering and at panicle initiation stagesrespectively. A seed rate of 85 kg ha -1 was used. All agronomic managements were done as recommended. Four middle rows were used for data collection. 
Data analysis
Agrobase 2000 statistical software package was used to analyze the data for Eberhart and Russell's regression stability analysis and Wricke's ecovalence. Eberhart and Russell's (1966) joint regression model was used for stability analysis. The linear regression coefficient (i) of the relationship between cultivar yield at each location and the mean location yield is a measure of the linear responses to environmental change. The mean square for deviation from the regression (S 2 d i ) measures the consistency of this response. Then, the behavior of the genotype was assessed by the model:
( 1) where:
Y ij = the mean of the i th genotype in the j th environment;  i = the grand mean;  ij = the regression deviation of the i th cultivar in the j th environment; i= the regression coefficient of the i th genotype on environmental index; Ij= the environmental index obtained by the difference between the mean of each environment and the grand mean. Wricke (1962) proposed using the contribution of each genotype to the GEI sum ofsquares as a stability parameter: (2) where:
x ij is the mean performance of genotype i in the j th environment,xi.andx.j are the marginal means of genotype i and environment j respectively, and x. is the overall mean. Thus, genotypes with a low Wi value are stable.
Results and Discussion
Eberhart and Rusell's regression stability analysis Based on this model for grain yield, there was no significant difference for the genotypes and genotype x environment (linear) sources of variation (Table 3 ). This indicated that a genetic difference does not exist among genotypes for their regression in the environmental index (Ali et al., 2006) . Genotype Atena with a less grain yield below grand mean showed instability as its regression coefficient was significantly different (βi<1) from 1. As reported by Ali et al. (2004) , a stable genotype is the one for which the regression coefficient did not show any significant difference from one and thus stability is defined as the consistency in performance of a variety over varying environments. Mezezo, Agegnhu, Shedho, Basso and Trit (Table 4) were genotypes with a high grain yield or close to the mean yield over the environments, regression coefficient near to one (βi=1) and non significant deviation from regression deviation (S² d i=0). Dakheel et al. (2009) reported that such genotypes are the most suitable for the environments tested, being a better choice for stability.In this investigation, regression coefficients ranged from 0.719 to 1.31 for grain yield. This variation in regression coefficients indicates that genotypes had different responses to environmental changes (Akcura et al., 2006) .
Regression values above 1.0 describe genotypes with higher sensitivity to environmental changes (below average stability) and greater specificity of adaptability to high yielding environments. A regression coefficient below 1.0 provides a measurement of greater resistance to environmental change (above average stability) and this increases the specificity to adaptability to low yielding environments (Wachira et al., 2002) . Accordingly, Haftysene and Estayish with average grain yield of above the grand mean and regression coefficients greater than one (Table 4 ) were adapted to the favourable locations, whereas genotypes Yedogit and Himmbilil had grain yield above grand mean, regression coefficients less than unity/one (βi<1.0), i.e. above average stability and significantly different deviation from regression. These genotypes are, therefore, insensitive to environmental changes and have been specifically adapted to poor environments. This is similar to the report of Dakheelet al. (2009) .
In terms of thousand kernel weight, the genotypes Mezezo and Agegnehu exhibited mean above grand mean regression coefficient (βi) greater than or equal to 1 (Table 4) . Thus, these genotypes appeared to be superior in performance and responsive to favourable environment conditions. A similar report was made by Assefaet al. (1995) . However, Trit had regression coefficient close to unity and non significant value of deviation from zero (Table 4) . Relatively, theperformance of this genotype was stable. HB-1307, Shoa and Atena had less than 1 regression coefficient and significant deviations from regression, but they had means greater than the grand mean for thousand kernel weight. This indicates good performance of the genotype in poor environments.
For spike length (Table 4) genotypes Trit, Estayyish, Mezezo and Himbilil had mean above and/or near grand mean, regression coefficient (βi) greater than 1 and hence they were adapted to the favourable locations. Genotypes like Shoa, Haftysene and Shediho having less than 1 regression coefficient and lower mean than the grand mean were poorly adapted across environments and might have a specific adaptation to harsh conditions. However, genotype Basso hadmean of above grand mean, regression coefficient very close to unity and deviation from regression near zero. So this genotype was considered as the most stable one in spike length. Mohammadi and Amri (2008) also indicated a similar report on durum wheat. Stability analysis in the performance of genotypes across environments using Wricke'secovalence (Wi) showed that Basso was more stable in grain yield as its contributions to the GXE interaction sum of squares was the least and had high yield (Table 4) . Similarly, Schoeman (2003) reported that genotypes with the lowest ecovalence contribute less to GEI but have lower yield and are sensitive to environment interactions whereas genotypes with both good stability and yield show good adaptability to their test environments .On the other hand, Yedogit, Himmbilil and Estayish (Table 4) were unstable in grain yield performance as these genotypes had the highest ecovalence (Wi).
Bantayehu (2009) also indicated that genotypes with high Wiecovalance contribute largely to the GEI and areunstable. Voltas et al. (2002) also showed that genotypes showing high sensitivities to environmental variables are also expected to exhibit a high overall interaction. Trit followed by Himbilil in thousand kernel weight and Trit followed by HB-1307 in spike length were stable genotypes across locations as a result of small Wi. On the other hand,Shedho followed by Estayish, and Shoa followed by Atena were with high Wi ecovalance considered as the most unstable genotypes in thousand kernel weight and in spike length respectively.
Conclusion
According to the Eberhart and Russell's stability analysis, genotypes Mezezo, Agegnhu, Shedho, Basso and Trit with a high grain yieldover the environments, regression coefficient close to one (βi=1) and non significant deviation from regression (S²di=0), were stable and widely adapted genotypes. In Wricke's ecovalence (Wi) stability analysis, Basso was more stable regarding grain yield as its contributions to the GXE interaction sum of squares were the least and it had higher yield. Some of the local genotypes had more yield than the improved ones. Even if they were not stable, they were specifically adapted hence continuous work is needed to improve them.
